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Abstract. We analyze solar, geomagnetic and cosmic
ray flux data along with rainfall and temperature
data for almost five solar cycles. We provide evi-
dence of significant influence of solar variability on
climate. Specifically, we demonstrate association be-
tween lower (higher) rainfall and higher (lower) tem-
peratures with increasing (decreasing) solar activity
and decreasing (increasing) cosmic ray intensities.
We propose a plausible scenario that accounts the
results of our analysis.
Keywords: terrestrial effects, space climate, space
weather.
I. INTRODUCTION
The relationship between solar variability and
terrestrial weather/climate is an interesting and
controversial subject. Past studies of possible
relationship between solar activity and temperature
have been found to be positive, negative and even
no correlation between them. Such contradictory
results still elude the scientific community upon
complete understanding of the influence of the sun on
weather/climate of our planet [1,2].
Both the Indian rainfall and temperature are, in general,
inversely related to sunspot number, although the results
of some of the studies are conflicting (e. g. see [3-5]
and references their in).
The influence of solar activity on the Indian monsoon
rainfall has been studied recently by [6-8] using Indian
rainfall data. found that spring and southwest monsoon
rainfall variability has significant positive correlations
with sunspot activity during the corresponding period
[7]. A found that the average rainfall is higher during
periods of greater solar activity [6]. Earlier studies
related to association between the sunspot numbers
and monsoon rainfall variability show a moderate to
strong correlation. It was suggested that one of the
primary controls on centennial to decadal scale changes
in tropical rainfall and monsoon intensity is variation
in solar activity [9].
GCR-Cloud Cover-Climate relationship has been
reported to be significant and controversial too (e.g.
see [10-21]); see an excellent review on the topic by
[22] and references therein). Thus the whole area of
sun-climate relationship is complex and needs further
study.
II. RESULTS AND DISCUSSION
We have utilized monthly average data of All India
rainfall and maximum temperature (representing Indian
weather/climate), solar flare index and geomagnetic
activity index (representing solar/geomagnetic
variability) and galactic cosmic ray flux for about
five solar cycles (1953-2005). We have divided total
53 years from 1953 to 2005 into five groups on the
basis of amount of All India Summer Monsoon Rainfall
(ASMR) during the summer monsoon months of June,
July, August and September. One-fifth (20%) of total
53 years with lowest ASMR (LSMR) and same number
of years (20%) with highest ASMR (HSMR) were
considered for the purpose of analysis. Average behavior
of variations in various parameters during different
monsoon months (June, July, August and September)
were obtained by analyzing the solar, geomagnetic,
cosmic ray and climate data, by applying the method of
superposed epoch analysis. Using the same procedure,
the average behavior of these parameters was obtained
for each month for total period (1953-2005). The values
so obtained for each month were then subtracted from
group values (LSMR, HSMR) of respective months. In
this way deviations in certain parameters e.g. Rainfall
(mm), Tmax (0C), were obtained for each month in
both LSMR and HSMR groups. The results so obtained
are plotted in Figs. 1-5.
From these Figures we see that decreasing solar activity
during summer monsoon months, as evident from
vitiation in solar flare index and AA index (Fig. 1 & 2)
and increasing cosmic ray intensity (Fig. 3) is associated
with high rainfall (Fig. 4) and lower temperature (Fig.
5). We also see from these figures that increasing solar
activity during summer monsoon months and decreasing
cosmic ray intensity is associated with low rainfall and
higher temperature (see Figs. 1-5).
Some of the previous studies have suggested that on
decadal, multi-decadal, and centennial scale, variability
in solar activity might have significant impact on
regional climate and could have caused severe draughts
and floods in the past (e.g. [23] and references therein).
Studies of 6000-years record of changes in drought
and precipitation in northern China has led [24] to
conclude that the wide spread global drought variability
is consistent with the assumption of an external global
force such as solar force. They found that most of
the dry and warm periods over the last 6000-year
correspond well with stronger solar activity and
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Fig. 1: Average value of solar flux index from May to
October during HSMR and LSMR years.
Fig. 2: Average value of AA index from May to October
during HSMR and LSMR.
relativity wet and cold periods correspond well with
relatively weaker solar activity.
Periodicities in occurrence of rainfall variability are
almost similar to periodicities in the sunspot occurrence
activity [7]. Another study [25] of rainfall and drought
patterns in equatorial east Africa during the past 1100-
year reported severe drought during periods coinciding
with phases of high solar activity with intervening
epochs of increased precipitation periods of low solar
activity. These results contrasts that of [23] who found
that, on decadal and multi-decadal time scale, the
intensity of Indian monsoon have decreased during
periods of solar minimum during last millennium.
Most of earlier studies have observed solar influence
on climate on very long timescale (decadal, multi-
decadal, centennial etc.). In this paper we demonstrated
solar/cosmic ray variability effects on monthly scale,
probably for the first time.
Fig. 3: Percentage deviation of average cosmic ray in-
tensity from May to October during HSMR and LSMR.
Fig. 4: Average deviation of rainfall from all 53 years
values during HSMR AND LSMR for months May to
October.
Fig. 5: Average deviation of temperature from all 53-
year values in respective months during HSMR and
LSMR for months May to October.
III. CONCLUSIONS
Our results suggest the influence of solar and/or
cosmic ray variability on Indian summer monsoon
rainfall and Indian climate. Decreasing solar activity
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TABLE I: Change in parameters from May to October,
Including summer monsoon months of June, July, Au-
gust and September.
Parameters Low rainfall High rainfall
Flare index 2.13 (↑) 1.53 (↓)
AA Index 7.04 (↑) 5.28 (↓)
DevCRI 3.17 (↓) 1.58 (↑)
Dev of rainfall(mm) 52.71 (↓) 30.03 (↑)
Dev of Tmax(0C) +0.82 (↑) -0.64 (↓)
and/or increasing cosmic ray intensity are associated
with higher rainfall and lower temperature. These
results provide evidence for the role of solar variability
on climate variability possibly through cosmic rays,
probably for the fast time at seasonal and even monthly
time scale.
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